aBBreViatiOnS ACA = anterior cerebral artery; BP = blood pressure; C-1 = CONSCIOUS-1 trial; DBP = diastolic blood pressure; DM = diabetes mellitus; EBI = early brain injury; GOS = Glasgow Outcome Scale; ICA = internal carotid artery; ICH = intracerebral hematoma; IVH = intraventricular hemorrhage; MCA = middle cerebral artery; MI = myocardial infarction; PCA = posterior cerebral artery; SAH = subarachnoid hemorrhage; SAHIT = SAH International Trialists; SBP = systolic blood pressure; SHOP = SAH Outcomes Project; WFNS = World Federation of Neurosurgical Societies. OBJectiVe Intracerebral hematoma (ICH) with subarachnoid hemorrhage (SAH) indicates a unique feature of intracranial aneurysm rupture since the aneurysm is in the subarachnoid space and separated from the brain by pia mater. Broad consensus is lacking regarding the concept that ultra-early treatment improves outcome. The aim of this study is to determine the associative factors for ICH, ascertain the prognostic value of ICH, and investigate how the timing of treatment relates to the outcome of SAH with concurrent ICH. MethODS The study data were pooled from the SAH International Trialists repository. Logistic regression was applied to study the associations of clinical and aneurysm characteristics with ICH. Proportional odds models and dominance analysis were applied to study the effect of ICH on 3-month outcome (Glasgow Outcome Scale) and investigate the effect of time from ictus to treatment on outcome. reSUltS Of the 5362 SAH patients analyzed, 1120 (21%) had concurrent ICH. In order of importance, neurological status, aneurysm location, aneurysm size, and patient ethnicity were significantly associated with ICH. Patients with ICH experienced poorer outcome than those without ICH (OR 1.58; 95% CI 1.37-1.82). Treatment within 6 hours of SAH was associated with poorer outcome than treatment thereafter (adjusted OR 1.67; 95% CI 1.04-2.69). Subgroup analysis with adjustment for ICH volume, location, and midline shift resulted in no association between time from ictus to treatment and outcome (OR 0.99; 95% CI 0.94-1.07). cOnclUSiOnS The most important associative factor for ICH is neurological status on admission. The finding regarding the value of ultra-early treatment suggests the need to more robustly reevaluate the concept that hematoma evacuation of an ICH and repair of a ruptured aneurysm within 6 hours of ictus is the most optimal treatment path.
S tudieS indicate that 2 of every 10 subarachnoid hemorrhage (SAH) patients sustain a simultaneous intracerebral hematoma (ICH) and outcomes tend to be poorer among these patients. 1, 3, 7, 9, 15, 18, 22 No guidelines are currently available as to the best approach to manage these patients. Though some studies have focused on comparing the incidence and prognosis of SAH patients who have concurrent ICH to those of patients without ICH, the available studies reflect the experiences of single centers and small patient cohorts, or present crude data on the relationship of clinical and aneurysm characteristics to outcomes. 1, 3, 7, 9, 22 Addressing questions pertaining to whether well-known risk factors for SAH confer additional risk for the development of ICH and how much prognostic risk could be attributed to the additional effect of ICH could better inform treatment and individual patient management.
The few studies that investigated the optimal management practices for SAH patients with concurrent ICH suggest that ultra-early intervention within 6 hours of ictus conferred relatively better outcomes for this patient cohort. 7, 20 Some, therefore, have advocated for an aggressive approach to treatment in these patients that involves ultraearly craniotomy with clot evacuation and occlusion of the ruptured aneurysm; however, this is a practice that is not adhered to by others. 7, 20 To ascertain the optimal timing of treatment for patients with SAH who present with additional ICH, further research is needed to improve the understanding on how time to treatment relates to clinical outcome in these patients.
Recently, SAH researchers around the globe have been collaborating to establish a repository of prospective studies on SAH, including randomized clinical trials and well-designed observational studies and registries from multiple centers, in order to more reliably address issues related to SAH prognosis than previously and model the application of novel approaches in trial design in the context of SAH. 10, 16 Using these data, we sought to 1) identify the clinical and aneurysm characteristics that are associated with SAH that present with ICH as a component; 2) ascertain the prognostic value of ICH; and 3) investigate the relationship between the timing of treatment and outcome in this cohort of SAH.
Methods

Study cohort
For the present analysis, we included studies in the SAH International Trialists (SAHIT) repository that collected data on the presence of ICH on an admission CT scan. The studies included 4 randomized controlled trials of tirilazad mesylate (tirilazad), 8, [12] [13] [14] the SAH Outcomes Project (SHOP), 23 and the CONSCIOUS-1 trial (C-1). 17 Specific details pertaining to these studies, including the inclusion and exclusion criteria, have been published. 8, [12] [13] [14] 17, 23 The tirilazad trials enrolled SAH patients between 1991 and 1997 to evaluate the efficacy of tirilazad mesylate on cerebral vasospasm and outcome. SHOP is a prospective database that accrues data on SAH patients who have been admitted to the Columbia University Medical Center Neurological Intensive Care Unit (data obtained between 1996 and 2013 are included in the SAHIT repository). The C-1 trial was an international multicenter randomized control trial that was conducted between 2005 and 2006 to evaluate the efficacy and safety of clazosentan for preventing vasospasm. The trials failed to show the efficacy of the treatment agent, thereby allowing for the pooling of both trial arms in this analysis.
Baseline characteristics
In C-1, the volume of ICH was measured as xyz/2 where x, y, and z are the 3 maximum orthogonal diameters of a clot. Midline shift was measured in millimeters. In the SHOP and tirilazad data, ICH was recorded as present or absent. In the pooled data, ICH was categorized qualitatively as either present or absent. The considered baseline characteristics included age, sex, ethnicity, hypertension, angina, myocardial infarction (MI), diabetes mellitus (DM), smoking, admission World Federation of Neurosurgical Societies (WFNS) grade, systolic blood pressure (SBP), diastolic blood pressure (DBP), Fisher grade, intraventricular hemorrhage (IVH), rupture location, aneurysm size, treatment modality, and time from ictus to treatment. Hypertension, angina, MI, and DM were recorded as a preexisting medical condition in all studies. Prior history of smoking was only available in C-1 and SHOP. Systolic BP and DBP were measured at admission for SHOP and tirilazad, and at time of eligibility screening for C-1. Fisher grading of the SAH was recorded on the admission CT scan in SHOP. 4 For standardization across studies, baseline SAH clot descriptions were converted to the Fisher scale for tirilazad and C-1. 6 Admission CT scans were also reviewed for ICH and IVH in all studies. Ruptured aneurysm size and location were determined using digital subtraction angiography. Due to the differences in the coding of the aneurysm sizes in the original studies, we classified aneurysms into 3 categories: small (tirilazad and SHOP, ≤ 12 mm; C-1, ≤ 15 mm); medium (tirilazad and SHOP, 13-24 mm; C-1, 16-25 mm) ; or large (tirilazad and SHOP, ≥ 25 mm; C-1, > 25 mm). In tirilazad, the ruptured aneurysms were repaired via clipping or treated conservatively, and less than 5% were treated endovascularly. In SHOP, the aneurysms were clipped, coiled, or treated conservatively. All aneurysms in C-1 were clipped or coiled. The time from SAH to aneurysm occlusion was available in tirilazad and C-1.
Outcome Measures
The primary outcome was the patient score on the 5-category Glasgow Outcome Scale (GOS) at 3 months. The secondary outcome was the presence or absence of new cerebral infarcts.
handling of Missing Values
Most variables had less than 5% missing data, except for aneurysm size (5.8%) and GOS score at 3 months (7.2%). Multiple imputations by chained equations were used to impute missing values and generate 20 data sets for the analysis. 25 The imputation models consisted of the outcome variables, covariates in the analysis models, other baseline variables, and a dummy variable for the three studies.
Statistical analyses
Patient clinical and aneurysm characteristics were computed by comparing patients with SAH who had concurrent ICH to those without ICH using frequency tables for categorical variables and the mean with standard deviation for the continuous variables. The clinical and aneurysm characteristics were studied for their association with ICH by fitting the backward stepwise logistic regression model (exclusion criteria p > 0.2). The variables included in the model were age, sex, ethnicity, hypertension, angina or MI, DM, WFNS grade on admission, ruptured aneurysm size, and location. Bias-corrected confidence intervals were computed using the bootstrap resampling technique (1000 resamples). We ranked the relative importance of the variables in the model using dominance analysis based on R 2 as the test statistic. Dominance analysis is a method used to determine the relative importance of predictors included in a regression model. 2 It compares the effects of the predictor variables for all possible subsets of models based on goodness-of-fit statistics. Effect sizes are reported as the odds ratios and 95% confidence intervals.
The univariable and multivariable analyses were per-formed to investigate the association of ICH with outcome. For the univariable analysis, we fitted proportional odds logistic regression models to obtain unadjusted odds ratios of the effect of ICH on GOS score by study. The odds ratios were pooled using a random effects model and between-study variability was tested using I 2 statistics. For the multivariable analysis, we fitted a proportional odds logistic regression model to adjust for the fixed effects of study, age, sex, WFNS grade, aneurysm size, location (which was dichotomized into anterior vs posterior circulation aneurysm, whereas an aneurysm that arose at the origin of the posterior communicating artery from the internal carotid artery [ICA] was classified as anterior) and treatment modality (clipping, coiling, or conservatively treated). We assessed the added incremental predictive value of ICH above the other predictor variables in the adjustment model as the percentage increase in Nagelkerke's R 2 of the adjustment model with and without ICH (partial R 2 ). We further examined if the prognostic effect of ICH varied with age or WFNS grade by performing likelihood ratio tests in order to compare the model with and without interaction terms (interaction of ICH with age or WFNS grade).
The relationship between time from SAH to aneurysm treatment and the outcomes of the SAH patients with ICH was investigated in the tirilazad and C-1 cohorts for whom the time from SAH to treatment was recorded (n = 857). First, we constructed restricted cubic spline plots to visually examine the relationship between the timing of treatment and outcome and identify potential inflection points in the relationship. Next, we fitted a proportional odds logistic regression model with time from ictus to treatment, which was dichotomized using 6 hours from SAH as the cut point, while adjusting for the effects of age, WFNS grade, aneurysm size and location, and treatment modality. This cut point was adopted to ensure consistency with previous studies. The relationship of the variables to time from ictus to treatment was investigated using Kaplan-Meier survival curve analysis and proportional Cox models. Statistical significance was set at the 5% significance level. All statistical analyses were performed using Stata (version 13; Stata Corp.) and R (version 3.1.1; R Core Team).
results clinical characteristics
We evaluated a pooled cohort of 5362 SAH patients, 1120 (20.9%) of whom presented with concurrent ICH on admission CT. Fifty-one patients (12.5%) in the C-1 study, 263 (18.6%) in the SHOP study, and 806 (22.8%) in the tirilazad study presented with ICH. The baseline characteristics of the study cohort are shown in Table  1 . The average age of the patients was 52.4 years. SAH patients with ICH were slightly older than those without (53.9 vs 52.0 years; p < 0.001). The proportion of patients with SAH and ICH who were WFNS Grade I (i.e., the best grade) was 13.4% in comparison with 45.2% for patients who presented with only SAH. The proportion of patients with SAH and ICH who were WFNS Grade V (the worst grade) was 28.4% in comparison with 9.7% for patients (Table 1) . Table 2 shows the variables identified in the backward stepwise regression model to be associated with ICH. Among the 9 variables considered, the dominance analysis based on R 2 as the fit statistic identified neurological status as the most important factor that was predictive of ICH in patients with SAH, the next being ruptured aneurysm location, aneurysm size, and patient ethnicity in order of decreasing importance. Although history of hypertension and DM were selected in the model, their effects were not statistically significant. The presence of ICH was associated with worse neurological status and larger aneurysms. In comparison with ACA, aneurysms of the MCA were more likely to be associated with ICH (OR 1.82; 95% CI 1.50-2.20), whereas aneurysms of the ICA (OR 0.41; 95% CI 0.33-0.51) and PCA (OR 0.16; 95% CI 0.12-0.22) were less likely to be associated with ICH. SAH patients who were black or other ethnicity were less likely than white patients to have concurrent ICH. Age, sex, smoking status, angina or MI, and DM were not significantly associated with the presence of ICH.
associative Factors For ich in Patients with Sah
effect of ich on Outcome of Sah Patients
The occurrence of ICH was significantly associated with poorer outcomes across studies in the univariable analysis, with a pooled unadjusted OR value of 2.86 (95% CI 2.53-3.24) (Fig. 1) . There was no significant betweenstudy heterogeneity (p = 0.678). The effect of ICH was reduced to an OR value of 1.58 (95% CI 1.37-1.82) after adjusting for the fixed effect of study, age, history of hypertension, WFNS grade, aneurysm size and location, and treatment modality ( Table 3 ). The partial R 2 of ICH was 1.45%, which suggests some added incremental value for predicting outcome. The effect of ICH did not significantly differ with age or patient neurological grade (interaction: p = 0.101 and 0.428, respectively). Patients with concurrent ICH were more likely to develop cerebral infarction than those without ICH (OR 1.22; 95% CI 1.04-1.42).
time to treatment and Outcome of Sah Patients with ich
Most patients (99%) had aneurysm occlusion performed within 72 hours of SAH. Patients with ICH were treated earlier than those without ICH (median time 23 hours vs 27 hours, respectively); the difference in time was statistically significant after adjusting for age, neurological grade on admission, treatment modality, and the fixed effect of study in the proportional Cox model (HR 1.12; 95% CI 1.03-1.22; p = 0.005). The spline plot indicated that the probability of poor outcome declined with longer time to aneurysm treatment in patients with concurrent ICH (Fig. 2) . The inflection point in the effect of time to treatment was approximately 18 hours. The median time for patients with ICH who had aneurysm occlusion within 6 hours of ictus was 4.75 hours, and it was 25.8 hours for those treated after 6 hours. A proportional odds model that was adjusted for the fixed effect of study only indicated that patients who presented with ICH who had intervention within 6 hours of ictus experienced poorer outcomes than those who had intervention after 6 hours (OR 2.58; 95% CI 1.67-3.98; p = 0.001). After further adjustment for age, WFNS grade on admission, aneurysm location, aneurysm size, and treatment modality, the OR was reduced to 1.67 (95% CI 1.04-2.69). We did a sensitivity analysis and excluded patients who received treatment after 72 hours, as such a delay may reflect late presentation, probably due to transfer from other facilities or logistic or treatment challenges, among others. The results were essentially comparable (OR 1.68; 95% CI 1.04-2.72; p = 
Discussion
Few studies have addressed the aneurysm and clinical characteristics in SAH patients who present with additional ICH. Abbed and Ogilvy 1 retrospectively reviewed 460 SAH patients, but their cohort included only Fisher Grade 3 and 4 patients who were surgically treated. Bruder et al. 3 analyzed 174 patients with additional ICH, focusing on the effect of hematoma location on outcome. The proportion of clipped patients was 67%, which is similar to our series. Tokuda et al. 22 analyzed data on 512 patients, 98 of whom presented with ICH, and all patients underwent clipping of the aneurysm. Liu and Rinkel 15 studied 310 SAH patients, 75 of whom had ICH, to identify the risk factors for the ICH. Another series by Hauerberg et al. involved 815 patients who were treated prior to the introduction of endovascular coiling. 9 Indeed, prior to our present effort, data were scarcely available, including those on patients treated by endovascular coil embolization. Our findings support those of previous studies that suggested that factors pertaining to the aneurysm and its rupture rather than pre-ictal clinical characteristics are more critical to the pathogenesis of SAH with concurrent ICH. 3, 9, 22 We found, as others have reported previously, poorer admission clinical status and a higher preponderance of MCA aneurysms in patients with ICH in comparison with patients without ICH, and the lack of an association of patient age, sex, cigarette smoking, angina or MI, hypertension, and DM with the occurrence of ICH. 1, 3, 7, 9, 15, 18, 22 Our study further raises the intriguing possibility that ethnicity may play some role, as we found a 50% higher risk for concurrent ICH in white patients than other ethnic groups. The reasons for this are unknown, given in part that this analysis may be the first study to use current statistical techniques to illustrate the relative importance of the factors associated with ICH in SAH patients. The most important and only factor that strongly predicted ICH was neurological status on admission, which overwhelmed the other factors included in the model. This finding most probably reflects brain damage due to ICH, associated brain shift, and increased intracranial pressure, as well as the effect of early brain injury (EBI) that occurs immediately following SAH, which is thought to be mediated, in part, by increased intracranial pressure causing transient global cerebral ischemia. 5, 24 The additional mass effect of ICH may further contribute to raised intracranial pressure and consequentially global ischemia associated with EBI. One value of our finding may be its potential to inform triaging for emergency CT in patients who present with a history consistent with SAH, by knowing that those patients with ICH might need an urgent craniotomy and clot evacuation.
Previous studies have reported a higher incidence of mortality and unfavorable outcome in SAH patients with ICH in comparison with patients without ICH. 1, 7, 9, 22 The present study quantified the effect of ICH on outcome in the largest cohort to date, showing a 58% increase in the risk of poor outcome among patients who presented with SAH and ICH after considering other factors such as patient age, sex, neurological status on admission, aneurysm location and size, and treatment modality. Hematoma volume may be expected to influence the impact of ICH on outcome. Tokuda et al. 22 reported ICH volume less than 25 ml as the only factor that was significantly associated with outcome in their cohort; we found no significant association between ICH volume and outcome in the C-1 cohort. The data regarding the added incremental effect of ICH may help guide the construction of prognostic models that incorporate multiple predictors for risk stratification after SAH. Indeed, our analysis of the SAHIT cohort suggests that the added incremental predictive value (measured as partial R 2 ) of ICH is higher than that of a history of hypertension, aneurysm size and location, and the Fisher grade of SAH volume-predictors that have been more readily used than ICH for building prognostic models of SAH.
ICH, therefore, may be a better predictor of outcome than these other factors.
There has been a recurrent interest in the effect of timing of treatment on the outcome of patients with SAH. With respect to patients who present with intraparenchymal extension of the hematoma, the debate has been about whether hematoma evacuation and aneurysm repair within 6 hours in comparison with such treatment after 6 hours results in better outcomes. Our analysis indicated a poorer outcome among those treated within 6 hours, and no difference in outcome after controlling for the ICH-specific characteristics in the subanalysis. Emergency evacuation of intraparenchymal hematoma, particularly large hematomas, appears logical to mitigate secondary brain injury from the mass effect. In a study by Güresir et al., 7 which involved 585 patients, of whom 50 (8.5%) presented with an ICH volume greater than 50 cm 3 , the time to aneurysm obliteration within 6 hours after ictus was the most important factor that predicted outcome at 6 months on the modified Rankin Scale. According to that study, patients who had an intervention within 6 hours are likely to have a 10-fold improvement in outcome compared with those who had a later intervention (OR 10.78; .
While there may be a benefit in outcomes in some patients who are treated within 6 hours of ictus, whether such treatment confers a greater benefit than treatment after 6 hours is unknown; recommending such treatment as standard is another issue.
Some credence to our finding is provided by Shimoda et al., 20 who had previously reported that patients with ruptured MCA aneurysms who presented with diffuse SAH and ICH did not differ in terms of outcomes whether they received ultra-early treatment of the ruptured aneurysm or not; however, those patients with intrasylvian hematomas fared better when treated within 6 hours of the ictus, presumably because of the smaller volume of ICH. It has already been suggested in the cooperative study on the timing of aneurysm surgery that early admission is an adverse prognostic factor for outcome after aneurysm rupture.
11
According to that study, SAH patients who underwent sur- gical intervention within 7 to 10 days of the event had a higher risk of poor outcome than those who had intervention thereafter, and the postoperative complications were comparable in both groups. In our study, some attempt was made to reflect the confounding factors that need be factored in to determine the prognostic benefit of ultra-early intervention, including patient neurological status, ICH volume and location, and the presence of midline shift. Controlling for these confounders revealed no association between poor outcome and ultra-early treatment in the C-1 cohort, suggesting that these clinical factors influenced the decision for emergent treatment and likely explain the poorer outcomes observed in those patients treated emergently in our pooled cohort. In the study by Güresir et al., 7 and in ours as well, ICH volume inversely correlated with time to treatment. However, unlike their study, we did not find ICH volume to significantly impact outcome, and overall we showed no benefit in outcome for ultra-early treatment. There may be reasons why patients who have ultra-early intervention may not fare better than those who have "delayed" treatment within 72 hours of ictus. It is well recognized that rebleeding occurs most frequently within 6 hours of ictus and in the presence of ICH; 7, 22 rebleeding could potentially be complicated by ultra-early intervention. Some have recently suggested that rebleeding may not necessarily be from the ruptured aneurysm. 21 In the study by Güresir et al., 7 16% of patients with ICH had CTconfirmed rebleeding in comparison with 6.3% of those patients without ICH, but the reasons for this are unknown. Additionally, hematoma evacuation during the immediate hours following SAH may aggravate EBI and impede the cerebral autoregulatory mechanisms that may have been activated to mitigate EBI.
19
While our results may challenge the concept that ultraearly aggressive treatment is associated with better outcomes and may raise queries about the idea that such intervention prevents rebleeding, the limitations of our study design, as well as other studies in the literature, preclude the determination of the optimal time to treatment of SAH patients with ICH. We must assume a cautious approach in interpreting the clinical significance and management implications of our findings. Several factors influence how soon emergency hematoma evacuation and obliteration of the ruptured aneurysm is performed; our study and others currently in the literature likely cannot capture all of them. However, we have shown conflicting findings to the literature that highlight the complex and multifactorial nature of determining the optimal timing to intervention. Currently, the timing of management for ICH in SAH patients might best be decided on a case-by-case basis, as there is insufficient evidence to support emergent treatment within 6 hours as a standard of care.
The other limitations of this study include that the majority of our data originated from randomized controlled trials that excluded patients based on some other criteria; hence, our sample may not be entirely representative, though it is by far the largest sample analyzed to date. The time over which the patients were managed is substantial , encompassing periods with significant changes in the practice and management of SAH. Although we accounted for study effects in all analyses in order to mitigate differences in time, we found no significant study heterogeneity. However, we may not have satisfactorily eliminated residual confounding that resulted from the wide interval over which the patients were managed. Also, heterogeneity between studies in the interpretation of CT scans is not unlikely, which may have resulted in somewhat different rates of ICH detection among studies, although the rates are within the limits seen in the literature.
conclusions
We have characterized the clinical and aneurysm characteristics that are associated with ICH in patients presenting with SAH from ruptured aneurysms in the largest cohort to date with data derived from multiple centers, thereby highlighting the importance of neurological status on admission, aneurysm location and size, and patient ethnicity. The power and heterogeneity of the study cohort indicate we may have more reliably determined the prognostic value of ICH than any prior attempts. We were unable to determine the benefit of ultra-early intervention in SAH patients with additional ICH, suggesting the need to evaluate such patients on a case-by-case basis. Given the drawback of our study design and those of previous studies, the need therefore arises for prospective studies, including clinical trials, to more completely address the optimal timing of intervention in patients with SAH who have ICH.
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